THE following work resulted from a more or less chance observation when investigating the biological properties of an anaerogenic organism isolated from faeces. It was noticed that this organism, which in its original state on glucose, mannitol, and dulcitol peptone water gave an acid reaction, could be further induced to ferment lactose and saccharose if left sufficiently long. As the action on glucose, mannitol, and dulcitol occurred in twenty-four hours, whereas the action on lactose and saccharose did not occur until over a week, it seemed to mle that in the lactose and saccharose cultures we had quite different conditions from those in glucose, mannitol, or dulcitol. In the latter case the organism readily ferments the sugar, whereas in the former some time of preparation is necessary. It seemed as if only when the organism was acclimatized to the new sugars, or else when faute de rnieux it needs must use these strange sugars to preserve its life, that they were attacked :and broken up. Also it seemed likely that the organism, once having acquired the property, might show it if reinoculated into fresh peptone-water solutions of the same sugars it had " learnt " to ferment. Acting on this assumption, I inoculated three sets of sugars: (1) From the original agar culture; (2) from the saccharose peptone water; and (3) from the lactose peptone water. I append the result in tabular form. It will be seen that from the saccharose culture I have a modification of the original organism fermenting saccharose in two days, while from the lactose I have a modification fermenting lactose in two days.
By BURTON BRADLEY.1 THE following work resulted from a more or less chance observation when investigating the biological properties of an anaerogenic organism isolated from faeces. It was noticed that this organism, which in its original state on glucose, mannitol, and dulcitol peptone water gave an acid reaction, could be further induced to ferment lactose and saccharose if left sufficiently long. As the action on glucose, mannitol, and dulcitol occurred in twenty-four hours, whereas the action on lactose and saccharose did not occur until over a week, it seemed to mle that in the lactose and saccharose cultures we had quite different conditions from those in glucose, mannitol, or dulcitol. In the latter case the organism readily ferments the sugar, whereas in the former some time of preparation is necessary. It seemed as if only when the organism was acclimatized to the new sugars, or else when faute de rnieux it needs must use these strange sugars to preserve its life, that they were attacked :and broken up. Also it seemed likely that the organism, once having acquired the property, might show it if reinoculated into fresh peptone-water solutions of the same sugars it had " learnt " to ferment. Acting on this assumption, I inoculated three sets of sugars: (1) From the original agar culture; (2) from the saccharose peptone water; and (3) from the lactose peptone water. I append the result in tabular form. It will be seen that from the saccharose culture I have a modification of the original organism fermenting saccharose in two days, while from the lactose I have a modification fermenting lactose in two days. I did not pursue the subject further with regard to the above organism, which was merely an interesting specimen weeded out from numerous other types in the faeces, but resolved to test whether the same modification in biological properties could be brought about in an organism, the identification of which is a matter of supreme importance, the Bacillus typhosus.
TECHNIQUE.
The only point necessary to mention in this connexion is the formula of the "sugar " media. The " sugar," which name I have used as a general term for the various carbohydrates, alcohols, &c., used, is dissolved or suspended in litmus peptone water. The medium has the following formula The glucose, mannitol, lactose and saccharose media contained 1 per cent. of respective " sugar." The remainder contaiined 05 per cent. The " sugars " were supplied by Baird and Tatlock, except the saccharose, which was ordinary brewers' crystals.
EXPERIMENT I.-THE BIOLOGICAL CHARACTERISTICS OF BACILLUS TYPHOSTJS.
As a preliminary, experiments were carried out to see if the biological characteristics of different strains of the typhoid bacilli were identical. The results of many experiments allow me to draw the following conclusions:
(1) The reactions of the strains tested give identical reactions in twenty-four hours and remain constant and identical up to four days.
(2) Glucose, mannitol, maltose, galactose, and sorbitol are ferinented with the production of acid within twenty-four hours.
(3) No change occurs in lactose, saccharose, inulin, amygdalin, salicin, raffinose, erythritol, and adonitol up to four weeks.
(4) No change occurs in dulcitol or arabinose up to four days. Both are gradually fermented with the production of acid, usually after the first week, at times varying with the strains and also on different occasions of testing. Typhoid grey L. I. P. M. is an exception; dulcitol was never affected by it. (5) All strains had a similar morphology, were motile, Gramnegative non-gelatine liquefiers, did not produce indol, produced slight permanent acidity on litmus milk and were agglutinated well by antityphoid serum (prepared from No. 3) in dilutions not less than -61
It is not possible here to give full details of the four experiments on which these conclusions are formed. The essential facts are, however, shown in Tables II, III, IV. Table II is compiled from four experiments (in the course of which most of the work has been repeated at least once), and shows the reaction of fifteen strains of typhosus up to the end of four days. Table III , from three of the experiments, shows the times at which the dulcitol was fermented in three trials. Table IV , from two of the experiments, shows the times at which the arabinose was fermented in two trials.
In one of the-above-mentioned experiments the fifteen cultures were inoculated on to the seventeen sugars and results noted on: First, second, third, sixth, eighth, ninth, tenth, twelfth, thirteenth, fourteenth, fifteenth, sixteenth, seventeenth, nineteenth, twentieth, twenty-first, twenty-second, twenty-third, twenty-fourth, and twenty-sixth days.
On the fourteenth day and on the twenty-sixth day the dulcitol and arabinose tubes were examined by means of Gram-stained films. Nothing but Gram-negative bacilli were detected. Controls of the various sugar media showed no acidity in any case.
Having been able to show that 14 of the 15 cultures would ferment dulcitol under twenty-seven days, and all would ferment the arabinose, experiments were designed to show whether a culture, by a sojourn in dulcitolor arabinose-containing media, would become more active in fermenting these " sugars." Though not quite as great a difference is here manifested, the property acquired of fermenting dulcitol is nevertheless possessed much more strongly by the agar cultures after their sojourn in dulcitol peptone water.
EXPERIMENT VI.
The following experiment demonstrates the same facts both for dulcitol and arabinose. Ten cultures from Experiment I, which had been inoculated on to various media and the sugars and examined daily, were used. After twenty days the results conformed to those of Table II , but, in addition, the dulcitol and arabinose had fermented on the fourteenth, and again on the twenty-sixth day. All the original dulcitols and arabinoses had been examined for contamination by making Gram-stained films. There was no evidence of this, all containing only G3ram-negative bacilli. On the twentieth day agar cultures were made from the dulcitols and from the arabinoses. These were, after twenty- four hours' growth, re-inoculated on to all the sugars, and examined for seven days. The results may be expressed as follows:
(I) In the ten original cultures no dulcitol was fermented under eight days. No arabinose was fermented under seven days.
(II) In the agar culture from dulcitol all dulcitols were fermented under six days; eight of them under three days, five under twenty-four hours. One arabinose (M 7) was fermented between the fourth and fifth days; no other was fermented up to seven days.
(III) In the agar cultures from arabinose no dulcitol was fermented up to seven days. All arabinoses were fermented in two days.
(IV) In none (except possibly M 7) of the cultures after sojourn in dulcitol or in arabinose was there evidence of any increased activity towards any other " sugar " than the dulcit or arabinose respectively. From the above, although there is some irregularity in the working of the experiment, it can be seen that the property, though persisting for some time, tends to die out. In the case of T. Sydney it is practically abolished in less than a month of growth in agar, frequently subcultured. In the case of T. Wright the difference is less apparent, the experiment being complicated by the fact that the control cultures seem also to be varying in their power of producing acid in dulcitol.
On another occasion dulcitol active cultures which had been stored for one month still showed increased dulcitol activity.
EXPERIMENT VIII. Plates were made from Bacillus typhosus Wright (June 13, 1910) . Ten colonies were picked off (June 14, 1910) and put on agar. All proved to be Gram-negative bacilli. They were inoculated into glcose, mannitol, dulcitol, lactose, saccharose and sorbitol (June 15, 1910) . Afterwards, as far as possible every day, agar cultures were made from the dulcitol peptone water-tube, and these agar cultures tested by inoculation into fresh dulcitol (in most cases after twenty-four hours' growth) for their power to ferment dulcitol.
As regards the results on sugars of the original ten cultures:-In twenty-four hours acid was produced in every case on glucose, mannitol, and sorbitol, and in no case in twenty-four hours on dulcitol, lactose, or cane sugar.
No change occurred in the lactose or cane sugar up to July 14, 1910 (twenty-nine days). The dulcitol inoculated fromn the original cultures fermented at variouis times, as shown in the table along with the results of the successive subcultures on agar of these dulcitols.
Agar cultures made from the original dulcitol peptone water-tubes were agglutinated in a 1 in 60 dilution with antityphoid serum,-prepared by inoculating a horse with a strain from the Pasteur Institute (No. 3 of Table II ).
The agar cultures made on the third day and on the twentieth day were not tested by inoculation on dulcitol till forty-eight hours; all the remainder were tested in twenty-four hours.
From Table VII it may be seen (1) That the individual sub-colonies from a culture all undoubtedly typhosus (all agglutinating with antityphoid serum) show marked variations in respect to their power of fermenting dulcitol.
(2) That at first, more or less pari passu with the length of sojourn in dulcitol, the agar cultures made from the dulcitol show increased power of fermenting this substance. After a certain length of time further length of stay in the dulcitol does not appear to increase the fermenting capabilities.
The lactose and saccharose cultures, which showed no change up to twenty-nine days, were on the sixteenth day inoculated into glucose, mannitol, dulcitol, lactose, and saccharose, and grown for thirteen days.
(1) No power to ferment either lactose or saccharose was manifested.
(2) From the saccharose tubes no dulcitol was fermented under nine days.
(3) From the lactose tubes no dulcitol was fermented under six days. From which it may be concluded that the. increase in fermentative activity manifested by cultures of Bacillus typhosus after a sojourn in peptone-water solutions of dulcitol is not due to growing in peptone water; that growth for a long period on peptone-water solution of lactose or saccharose does not tend to make the typhoid organism acquire the property of fermenting either of them.
CONCLUSIONS.
(1) The fermentation reactions of Bacillus typhosus are identical up to the fourth day.
(2) Bacillus typhosus ferments glucose, mannitol, galactose, and sorbitol with the formation of acid within twenty-four hours. Dulcitol I One culture, T. Grey L. I. P. M., never fermented dulcitol. and arabinose are fermented m-ore slowly, acid being produced usually during the second or third week. Lactose, saccharose, dextrin, inulin, amygdalin, salicin, raffinose, erythritol, and adonitol are not fermented. Gas is never produced by Bacillus typhosus. Litmus milk is turned faintly acid generally within twenty-four hours, and remains thus permanently.
(3) The time taken to fernlent dulcitol or arabinose varies widely even in the same culture tested repeatedly, and also amongst daughter colonies from a single-plated culture.
(4) The time taken by a given strain of Bacillus typhosus to ferment dulcitol or arabinose is very markedly quickened for that strain by a sojourn in media containing dulcitol or arabinose respectively.
(5) Within certain limits the increase in (dulcitol) fermenting powers varies with the length of sojourn in dulcitol-containing medium.
(6) The increased activity as regards fermentation of dulcitol persists through several generations of agar cultures, but eventually tends to die out. It also persists on stored agar cultures for over a nmonth if this culture be sub-cultivated and tested.
(7) No other modifications either as regards agglutination, fermentation reactions, or cultural characteristics are seen in the agar cultures after passage through dulcitol (or arabinose) containing media other than the increased activity towards the corresponding " sugar." The cultures after passage through dulcitol become "dulcitol active," and after passage through arabinose " arabinose active." The "dulcitol active" cultures do not show any increased activity towards arabinose, nor do the " arabinose active " cultures show any increased activity towards dulcitol.
(8) Mere passage through peptone water or through other sugars -e.g., mannitol, lactose, or saccharose-does not increase the fermentative activity towards dulcitol or arabinose.
(9) It was not found possible to make Bacillus typhosus ferment lactose or saccharose.
(10) By means of passage through appropriate sugars it was found possible to develop two modifications of an anaerogenic coliform organism, each active toward a new sugar not easily affected by the original strain.
(11) This work shows that the fermentation activity of Bacilluts typhosus, while one of remarkable constancy in quality, can be increased in quantity, and suggests that certain work of classification amongst colon organisms requires reconsideration.
53.
When the above work was nearly completed, I found a paper by Twort,' in which the following conclusions run closely parallel to mine:: He says that he has been able to inake several microbes ultimately attack sugars which, according to universal bacteriological opinion, they do not attack under normal conditions. He says he has been able to. make Bacillus typhosus ferment lactose and dulcitol, and has shown that the dulcitol activity persisted on agar cultures through several generations, and also after passage through animals. Bacillus paratyphosuts, Bacillus dysemteriw Kruse, Bacillus dysenteriw Flexner, &c., are also able to be made in a similar way to attack new sugars.2 'The Influence of Diet upon the Formation and Healing of:-Acute Ulcer of the Stomach.
By CHARLES BOLTON.
THE present research is one of a series which was initiated in order to inquire into the exact part played by the gastric juice in the production and healing of acute gastric ulcer. For many years the hypothesis has been prevalent that the gastric juice plays an important role in the pathology of gastric ulcer, mainly because ulcers having the characters of those found in the stomach are almost entirely limited to the parts of the alimentary canal which are directly exposed to the action of the gastric juice. Many experiments indirectly bearing upon this problem have been performed in order to substantiate this hypothesis, but, it must be confessed, without much success. I have no intention in this short communication of discussing the relative merits of these experiments, because I have already referred to miost of them in various other papers, and because they have no particular bearing upon the subject of this discourse. In all my experiments acute gastric ulcers have been produced in animals by the injection of gastrotoxic serum, the preparation of which I was able to demonstrate some years ago [1] . By means of this method of producing gastric ulcer I have I Twort, F. W., Proc. Roy. Soc., B, lxxix, 1907, p. 329. 2 The author's attention may be directed to the more recent literature on the subject of variation and mutation by Reiner Muller, Burk, Massini, Penfold, and Wilson.
